We histologically examined specimens from 11 patients with recent occluding thrombi at the carotid bifurcation to study local factors in the vessel wall that precipitated the thrombi. The area of stenosis of the vessel lumen was determined morphometrically. Severe atherosclerotic stenosis was frequent but was not a prerequisite for thrombus formation since specimens from almost one half of the patients had only moderate narrowing of the lumen (<60% stenosis). Specimens from three patients showed ulcerations, those from one showed intraplaque hemorrhage, and those from one massive plaque rupture, all of which were thought to be important in thrombogenesis. All such types of plaque complications may thus precipitate thrombi but no single complication was particularly predominant, and specimens from one half of the patients showed no complications at all. Screening of the carotid arteries for stenosis can therefore detect only one half of the individuals who ultimately will develop thrombosis, and the risk caused by plaque complications seems to be moderate in unselected materials. In a recent study of the carotid bifurcation in elderly asymptomatic individuals, we found that one half had >50% stenosis and one third had >60% stenosis. 41 Nearly all individuals in the latter group had recent or old intraplaque hemorrhages, Received February 28, 1989; accepted June 2, 1989. and one half of them had ulcerations and/or recent mural thrombi. In addition, numerous healed ulcerations and endothelialized mural thrombi were seen. We concluded that all types of atherosclerotic complications are frequent in asymptomatic individuals but that the complications apparently have a great tendency for self-healing without deleterious effects on the cerebral circulation. Furthermore, we pointed out that all types of complications were correlated and that the clinical significance of each complication would therefore probably be difficult to elucidate.
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We histologically examined specimens from 11 patients with recent occluding thrombi at the carotid bifurcation to study local factors in the vessel wall that precipitated the thrombi. The area of stenosis of the vessel lumen was determined morphometrically. Severe atherosclerotic stenosis was frequent but was not a prerequisite for thrombus formation since specimens from almost one half of the patients had only moderate narrowing of the lumen (<60% stenosis). Specimens from three patients showed ulcerations, those from one showed intraplaque hemorrhage, and those from one massive plaque rupture, all of which were thought to be important in thrombogenesis. All such types of plaque complications may thus precipitate thrombi but no single complication was particularly predominant, and specimens from one half of the patients showed no complications at all. Screening of the carotid arteries for stenosis can therefore detect only one half of the individuals who ultimately will develop thrombosis, and the risk caused by plaque complications seems to be moderate in unselected materials. In postmortem studies, several authors have maintained that thrombi in the coronary 24 -34 and intracranial 35 vessels are preceded by rupture of atherosclerotic plaques. This mechanism has also been implicated in a case of carotid occlusion. 36 Other authors have found intraplaque hemorrhage to be the main underlying lesion in both coronary 37 ' 38 and intracranial 39 -40 vessels. In some studies, it may have been difficult to determine whether the intraplaque hemorrhages resulted in ruptures or vice versa.
In a recent study of the carotid bifurcation in elderly asymptomatic individuals, we found that one half had >50% stenosis and one third had >60% stenosis. 41 Nearly all individuals in the latter group had recent or old intraplaque hemorrhages, and one half of them had ulcerations and/or recent mural thrombi. In addition, numerous healed ulcerations and endothelialized mural thrombi were seen. We concluded that all types of atherosclerotic complications are frequent in asymptomatic individuals but that the complications apparently have a great tendency for self-healing without deleterious effects on the cerebral circulation. Furthermore, we pointed out that all types of complications were correlated and that the clinical significance of each complication would therefore probably be difficult to elucidate.
To study the pathogenesis of carotid thrombi more directly, we examined serial sections from 11 patients with recent thrombi. As will be described, atherosclerotic stenosis was clearly an important factor, but one half of the cases had only moderate narrowing. One half of the thrombi were precipitated by plaque complications, but no single complication was of particular importance.
Subjects and Methods
We collected 17 cases with suspected recent thrombi in the region of the carotid bifurcation in 1985 and 1986. We inspected the carotid bifurcation from all patients with a clinical history suggesting recent infarction in the territory of the middle cerebral artery, and we included all vessels showing local hyperemia in the region of the bifurcation. In our experience, local hyperemia of this type is strongly suggestive but is not a definite sign of recent thrombosis.
The removed specimens were fixed unopened in 10% formaldehyde. When necessary, they were also decalcified in formic acid. Care was taken not to crush the arteries during dissection and further handling. After fixation and decalcification, the specimens were cut transversely into 5-mm-thick segments and studied using a dissection microscope. Five segments from each specimen were then embedded in paraffin ( Figure 1 ) and sectioned serially. Every 30th section was mounted, and the thrombi could thus be studied throughout their entire longitudinal extent. Hematoxylin and eosin was used as a routine stain. Additional sections were stained with the Lendrum method.
We calculated the degree of stenosis (reduction in lumen area) from histologic sections from all segments by means of an instrument for image analysis (mini-MOP) as described elsewhere. 41 The areas of the original and the residual lumen at the margin of the occluding thrombus were digitized, and the degree of stenosis was calculated from these figures. The area of the lumen of the most distal section of segment V was also determined. This section showed little or no atherosclerosis. When determining the area of the original lumen, the foldings of the internal elastic lamina were not taken into account since this seems to reflect the in vivo situation better than the total length of the lamina. 42 We discarded specimens from five patients because the lumen was completely occluded by organized material in one segment, even though recent thrombus material was usually present proximal or distal to this segment. The specimen from one patient had no thrombus at all. Specimens from the remaining 11 patients with recent thrombi were analyzed for pathogenetic factors that precipitated the thrombi. Five patients were men and six were women (Table 1) , and their mean age was 73 (range 53-87) years.
Results
The main findings are summarized in Table 1 . All thrombi started locally at the bifurcation, and all patients had more or less severe atherosclerosis at the site of the occlusion. There was no indication that other general diseases, such as coagulopathies, had contributed to the thrombosis. Nor was there any suspicion that any occlusion was embolic.
The duration of the patients' symptoms varied from 3 to 30 days. Clinical information was too limited to determine how many patients had minor symptoms, such as transient ischemic attacks, before the major attack. Most patients obviously had had an acute and severe course. Two patients (Cases 9 and 11) initially had transitory symptoms, and one of these (Case 9) had an ulceration with an old mural thrombus that could have caused emboli. In the other patient with transitory symptoms, no morphologic explanation was found for the initial attack. All patients had appropriate infarcts in the territory of the occluded artery.
The degree of stenosis in the various segments is shown in Table 2 . Specimens from four patients showed >80% and specimens from seven showed >60% stenosis at the site of the occlusion ( Figure  2A ). It is remarkable that nearly one half of the patients had slight to moderate stenosis ( Figure 2B ). It should be noted that the proximal part of the internal carotid artery, the carotid sinus, is normally considerably wider than the distal part of this artery. In our specimens, the mean area of the sinus was 75% greater than that distally. A considerable narrowing of the proximal part of the internal carotid artery can therefore take place before the proximal lumen equals the distal lumen. When the area of maximum stenosis was compared with the area of the lumen in the most distal section of segment V, only three patients showed >50% area reduction, whereas four had slight narrowing and four cases had no narrowing at all ( Table 2 , right-hand column). Table 2 also indicates the segment containing the origin of the thrombi, defined as the oldest mural part of the thrombus. Specimens from only two patients (Cases 8 and 9) snowed mural thrombi that were definitely older than the acute clinical history. Both cases had quite large ulcerations, and the oldest part of the thrombus covered the bottom of the ulcers (Figure 3 ). In 10 of the 11 patients, the thrombi originated in segments III or IV (Figure 1 ). The thrombi originated at the point of most severe stenosis in six patients, slightly distal to it in three, and slightly proximal to it in two.
Ulcerations were present at the origin of the thrombus in three patients (Table 1, Figure 4) . lntraplaque hemorrhage, which narrowed the lumen markedly and may have been important for thrombus formation, was seen in only one patient (Table 1, Figure 5A ). However, proximally there was no fibrous covering separating the plaque and the thrombus, and small traces of plaque material were seen in the base of the thrombus ( Figure 5B ). Although a primary intraplaque hemorrhage is the most likely explanation in this instance, a secondary hemorrhage entering the plaque from the vascular lumen cannot be entirely excluded. Numerous small intraplaque hemorrhages and ulcerations were seen in segments without thrombi, as observed previously in many asymptomatic individuals. 41 Plaque rupture, with large amounts of atherosclerotic material in the thrombus, was seen in only one case (Table 1, Figure 6 ). One additional case (Case 1) showed a break in the membranous lining of a small atheromatous plaque (Figure 7 ), but there was no atheromatous material in the thrombus and it is FIGURE 
Photomicrograph of ulcer filled with thrombus (left of arrows). Original lumen contains more recent thrombus (right of arrows). Case 9, hematoxylin and eosin stain, x!5.
uncertain whether this break was important in formation of the thrombus. The maximum stenosis in this patient was only 56%.
Discussion
As expected, the degree of atherosclerosis among our cases was more severe than that in a comparable series of asymptomatic individuals. 41 No other common pathogenetic factor for the precipitation of thrombi could be demonstrated.
It should be emphasized that specimens from only one patient snowed a major plaque rupture (Table 1 ). This observation is in contrast to the findings in coronary 24 -34 and intracranial 35 occlusions, where plaque ruptures have been found to be the main underlying lesion for thrombi. It is possible that the amount of fibrous tissue in atherosclerotic plaques differs, and this may explain the different mechanisms of vascular occlusions.
Similarly, a significant intraplaque hemorrhage was found in only one patient ( tal findings 41 and that only rarely do such hemorrhages attain a size that precipitates thrombi.
Plaque ulcerations, which probably contributed to the formation of the thrombi, were found in specimens from three patients ( found no single predominant mechanism, as has been claimed for other vessels. Although our series contains few persons, the marked differences from previous observations on the coronary and intracranial arteries suggest that there may be true differences in the pathogenesis of thrombi in different vessels.
Even severe stenosis was not a prerequisite for carotid thrombosis (Table 1) . It is noteworthy that nearly one half of the patients had only moderate stenosis (<60%) at the site of occlusion. This moderate narrowing becomes even less impressive when the area of the lumen at the site of the occlusion is compared with that at distal levels, where the lumen normally is narrower than at the sinus (Table 2) . Thus, occluding thrombi frequently developed in carotid vessels where no hemodynamic factors that disturbed blood flow could be demonstrated.
Atherosclerotic stenosis (with or without ulcerations, ruptures, or hemorrhages) obviously remains the greatest risk factor for thrombosis. However, carotid stenosis is also frequent in asymptomatic elderly individuals, 41 and almost one half of the thrombi in our series occurred in patients without significant stenosis. Screening of the carotid arteries for stenosis can therefore detect only one half of the persons who will ultimately develop thrombosis, and the risk caused by plaque hemorrhages and ulcerations seems to be moderate in unselected materials.
